Abstract
METHODS
Fifteen consecutive patients (11 females and 4 males; mean age 40.93 years; age range 13-63 years) with cavernous sinus hemangiomas (CSH) who underwent examination between November 2008 and May 2016 were included for the analysis. MRI, clinical and surgical findings of each patient was retrospectively reviewed. DWI were also analysed and mean-apparent diffusion coefficient (ADC) value was calculated. Eleven patients underwent surgical removal of the lesion and 2 patients had biopsy only. Diagnosis of CSH was confirmed histologically in 13 patients.
RESULTS
Eleven patients (73%) presented with headaches and 10 (66%) had cranial nerve involvement. Extra cavernous sinus extension was noted in 14 (94%). Surgery was performed in 13 (87%) and post-operative radiation was given to 4 (28%) patients. Thirteen patients remained asymptomatic on follow up. Three conspicuous imaging features were highly suggestive of the diagnosis: Lack of diffusion restriction (100%), homogeneous hyperintensity on T2 weighted image sequences (93.3%) and intense post-contrast enhancement (100%). The mean ADC was 1.82 × 10 -3 ± 0.2186 cm 2 /s.
CONCLUSION
T1-weighted hypointensity with homogeneous hyperintensity on T2-weighted sequences, intense enhancement and absence of hemosiderin within the lesion on GRE sequence favour the diagnosis. Facilitated diffusion on DWI differentiates CSH from other solid cavernous sinus lesions and significantly improves the diagnostic accuracy, a critical factor for planning surgery.
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INTRODUCTION
Cavernous hemangioma in the cavernous sinus has an estimated prevalence of 1% incidence with significant female preponderance, considered to be due to hor monal influence [1, 2] . The lesion is rare in occurrence closely mimicking commonly encountered cavernous sinus lesions such as schwannoma, meningioma, chor doma, granuloma, carotid aneurysm and lympho proliferative conditions [3, 4] . Microscopically cavernous sinus hemangioma (CSH) consists of multiple vascular channels lined by a single layer of endothelium without muscular layer and any intervening neural tissue [2] . Magnetic resonance imaging (MRI) is the imaging modality of choice for evaluating cavernous sinus lesions. On MR imaging, CSH shows hypointense signal on T1 weighted images (T1W) and hyperintense signal on T2 weighted images (T2W) that is indis tinguishable from the other lesions which have high cellular matrix and/or necrotic components [3, 4] . T2 prolongation resulting in extremely high signal intensity has been considered a definite sign of a cavernous hemangioma [4, 5] . Hence, even at MRI, the diagnosis of a cavernous hemangioma can still be in doubt, with the main differential diagnosis being a schwannoma of the V nerve or meningioma [3, 6] . The study aimed to elucidate the clinical, MRI, pathological features of these lesions and asses the incremental value of diffusionweighted imaging (DWI) in diagnosing them.
MATERIALS AND METHODS
This retrospective interpretation of data was approved by the hospital internal review board and informed consent was waived. A total of 15 consecutive patients with CSH who underwent MRI examination between December 2008 and May 2016 were included for the analysis. MRI, clinical, and surgical findings of each patient were retrospectively reviewed. Imaging was performed on both 1.5T and 3T systems (HDxt GE, Siemens Medical, Philips Ingenia) using 8 channel high resolution dedicated brain coil. The imaging protocol included spinecho T1W, fast spinecho T2W, fluid attenuated inversion recovery imaging (FLAIR) and contrastenhanced spinecho T1W was performed following gadolinium injection. Fast Imaging Employing Steadystate Acquisition (FIESTA) and susceptibility weighted imaging (SWI) were added to the routine sequences in two patients. Diffusion weighted imaging was performed in ten patients and GRE imaging in seven. MR angiography and digital subtraction angio graphy (DSA) were performed in four and two patients respectively.
Imaging parameters used for various sequences were as follows: (1) /s) were calculated on a voxelbyvoxel basis with the software incorporated into the MR imaging unit. Manual ROIs were placed using T2 weighted and contrast enhanced images as the guide.
A fatsuppression pulse was added to the axial T1 weighted sequences following contrast enhancement. The intravenous manual bolus dose of gadolinium based contrast medium given at 0.2 mL/kg (0.1 mmol/kg) body weight. T1weighted 3D spinecho sequences without fat suppression were performed with identical imaging parameters after contrast agent administration. Post contrast Spoiled Gradient Echo (SPGR) sequences were obtained using repetition time /echo time 5/10 ms; flip angle, 80; matrix, 492 × 479; slice thickness, 1 mm; slice interval, 0 and FOV, 240 × 240.
MRI images were reviewed by three neuroradiologists (R.K., R.M., AM.) by consensus agreements. Signal intensities in T1W, T2FSE and FLAIR were tabulated as hyper, hypo, isointensities. GRE and DWI sequences were assessed for blooming and restriction of dif fusion. Degree of enhancement was noted from the contrast enhanced T1Fat Suppressed sequences. The medical case files were reviewed retrospectively. The demography is detailed in Table 2 . The age at presentation ranged from 13 to 63 years with a mean of 40.93 ± 13.82 years. There were 11 female and 4 male patients with a female preponderance. The mean age of female cohort was 42.27 ± 11.064 years. Diagnosis of cavernous hemangioma in the cavernous sinus was verified from the surgical and pathology notes. Eleven patients underwent surgical removal of the lesion and 2 patients had biopsy only. Diagnosis of CSH was confirmed histologically in 13 patients.
RESULTS
Headache was the constant feature and 7 patients had no visual symptoms despite large size of the lesion (Table  2) . Papilledema was observed in one patient only. One patient had painful ophthalmoplegia in spite of a small subcentimeter lesion occupying the small posterior segment of the cavernous sinus. Preoperative MR imaging features are summarised in Table 3 . Fourteen of the 15 patients showed well defined hypointense lesions occupying the cavernous sinus on T1W ima ging and all of these lesions showed homogeneous hyperintensity in T2W and FLAIR imaging sequences ( Figure 1 ). Significant extension beyond cavernous sinus into the Meckel's cave, prepontine cistern and impression onto the peduncle was seen in 14 of 15 patients and correlated with the presenting complaints.
In the ten patients who had DW imaging, hypo intense signal on DWI images was a consistent finding suggestive of facilitated diffusion (Table 3, Figure 2 ). The ADC maps in these lesions were hyperintense in comparison with contralateral brain parenchyma and the mean ADC value (5 patients) was 1.82 × 10 3 ± 0.2186 cm 2 /s. GRE images in seven patients did not show any blooming (Figure 3 ). Intense enhancement of the lesion was noted in all patients (14 of 14). Centripetal enhancement was observed progressively increasing in intensity in a young female patient. DSA examination demonstrated stretching and irregular narrowing of the internal carotid artery. Multiple venous channels were seen persisting in the venous phase ( Figure 4 ). Contrast enhanced MRI performed after two years demonstrated significant shrinkage with thrombosis of the center of the lesion in one patient and total regression in another ( Figure 5 ). Complete resection of CSH was possible in two patients ( Figure 6 ). One patient had a subcentimeter lesion in the left cavernous sinus presenting with painful ophthalmoplegia (Figure 7) . Three conspicuous imaging features were considered highly suggestive of the diagnosis: Homogeneous hyperintensity on T2W sequences (14/15, 93.3%) facilitated diffusion (10/10, 100%) and intense contrast enhancement (14/14, 100%). Of the 13 patients who received surgery, subtotal excision or biopsy in 11 and complete excision in 2 patients were performed. Four patients received radiation therapy (Table 2) . Eleven patients had serial followup ranging from 10 mo to 90 mo (mean 2.5 years) and all were asymptomatic on the serial followup.
DISCUSSION
Extracerebral CSH are rare in occurrence with a definite female preponderance. They are usually attached to the outer wall of cavernous sinus or located in the Meckel's cave or cerebellopontine angle [1, 2] . Eleven of fifteen patients in our study were females and their preponderance is considered to be due to influence of estrogen. Symptoms are slow and insidious presenting with headaches, ophthalmoplegia, proptosis, cranial nerve palsy and endocrine disturbances [7, 8] . In our series headache was the most common presenting complaint followed by vision abnormality and cranial nerve palsy. Imaging findings of meningiomas and schwannomas in this location overlap significantly. Typically, the lesion is not demonstrable on angiography in spite of the adjacent tortuous and serpentine arterial feeders and venous drainage. Degeneration into thrombosis, calcification, hyaline changes and hemorrhage are revealed by MR imaging [79] .
Extension beyond cavernous sinus is noted in large lesions which may be seen also in meningioma, epidermoid, neurogenic tumors and granulomatous masses [3, 7] .
Extension beyond cavernous sinus was seen in all sizable lesions in our series and five lesions showed extensive para-cavernous extension. It was interesting to note, one of our CSH extended into the superior orbital fissure anteriorly, superiorly into the suprasellar region, greater wing of sphenoid bone and pterygoid fossa inferolaterally 
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and into retroclival region posteriorly indistinguishable from a granulomatous or a neurogenic lesion [3, 8] .
Multiple cranial nerves and both internal carotid arteries traversing the cavernous sinus preclude complete surgical resection in addition to the risk of profuse bleeding. Tiny branches from the cavernous segment of the internal carotid artery may be revealed on digital subtraction angiography which are otherwise not appreciable on routine anatomical imaging [7, 8] . Hypertrophied pial arteries, tumor stain and large draining veins were described in the intraaxial cavernous hemangioma closely resembling a highly vascular neoplasm [10, 11] .
On MR imaging, the lesions are seen as well-defined hypointense mass on T1W and markedly hyperintense mass on T2W sequence. In our series 14 of 15 patients (93%) showed these findings [3, 4] . Schwannomas exhibit high signal intensity on T2W and display heterogeneous enhancement following the expected course of the nerves from which they arise. Meningiomas show similar signal intensity to gray matter on T2W unlike the CSH [3, 12] . Delayed T1W GdDTPA imaging confirms the temporal course of enhancement of the lesion. Uniformly intense and homogeneous contrast enhancement of all our CSH distinctly differ from the intra axial cavernous hemangiomas which mostly do not show enhancement [9, 12, 13] . Hypointense hemosiderin rim is not a common feature which is otherwise seen in intraaxial cavernous hemangioma. Bowing and displacement of the lateral wall of the cavernous sinus is clearly depicted on MR imaging indicating the extradural extension [5, 12] and extensive extradural extension was seen in 5 patients in our series.
Lack of restriction to diffusion may be explained due to slow flow within the lesion which allows free diffusion of water molecules. There are no intervening neural/cellular elements outside the vascular channels which can prevent free movement of the protons and cause restriction of diffusion in the extravascular spaces as well. Hence these lesions are iso or hypointense to brain parenchyma on DWI images [4, 14, 15] . One hundred percent patients in our series showed hypointense sig nal on DW imaging suggesting facilitated diffusion (mean ADC = 1.8296 ± 0.2038 10 3 cm 2 /s). Our series is the largest series which has looked into the incremental value of DW imaging in diagnosing CSH and results of our series suggest that facilitated diffusion is a consistent finding in CSH. However, at the b value = 1000 mm 2 /s used in our series, effect of intravoxel incoherent motion is less though it cannot be eliminated completely which might have contributed to low signal on DWI and high ADC values [14, 15] . False negative results may be seen in CSH with hemorrhage within and may cause a diagnostic dilemma, which was not seen in our series. CSH should be entertained in the differential diagnosis of a homogeneously enhancing cavernous sinus lesion that does not show evidence of hemorrhage and shows facilitated diffusion [1517] . Blood flowing in the CSH is not exactly venous blood as it has not passed through a tissue and hence there is no oxygen extraction. Since the blood within the CSH behaves as oxygenated blood there is no susceptibility induced signal loss on SWI imaging, as noted in our series. Similar signal intensities are observed in the cavernous hemangioma elsewhere in the body, unless there are phleboliths or thrombosed areas [9, 13, 14] . Hemorrhage has been reported in CSH [18] . Concentric layers of hemosiderin are the hallmark of intraaxial lesions due to recurrent hemorrhages into the wall of the lesion causing slow growth. None of the cases in our series showed this finding. At least two thirds of cavernous hemangiomas exhibit some degree of vascular blush unlike the parenchymal cavernous angiomas which are occult to catheter angiography [8, 10, 12] . Microscopically CSH consists of multiple vascular channels lined by a single layer of endothelium without muscular layer. In our series, vascular blush was noted from distal branches of middle meningeal artery and meningeal branches of internal carotid artery in 3 patients while one lesion was avascular on DSA as reported by Krief et al [19] . Delayed SPECT imaging of the red blood pool scintigrams demonstrate increased activity persistently in contrast to the photopenic areas in meningioma, chordoma and chondrosarcoma [18, 19] . Sclerosing CSH is a less aggressive solid/semisolid entity in the spectrum of lesions of the cavernous sinus. Aversa do Souto et al [20] and Shi et al [21] successfully operated a less aggressive CSH in the cavernous sinus by internal decompression without any lifethreatening intraoperative bleeding similar to the case 10 in this series. Connective tissue proliferation between the vascular spaces evolves into a more densely packed solid or semisolid sclerosing TypeB CSH over a period of time. On imaging the subtype B of CSH is hyperintense on T2W and shows heterogeneous contrast enhan cement while subtypeA is soft and pulsatile having thin walled blood spaces with a propensity to bleed profusely during surgery. Due to the abundant vascularization of these lesions, surgery is extremely complex and is associated with high morbidity such as cranial neuropathies [20, 22] . CSH respond to radiation unlike the extraaxial cavernous angiomas. Gamma Knife surgery is a safe and effective primary as well as adjuvant treatment modality for CSH [23, 24] . In one series the reported posttherapy shrinkage of CSH using gamaknife surgery was reported to be 84.6% at 12 mo followup [25] . Twoyear followup of four patients in this series after stereotactic radiotherapy were asymptomatic. The mean followup in our series was 2.5 years and all patients had no symptoms over the serial followup. However, there are limitations of this study, as this was a retrospective study of a relatively small sample size we could not estimate the inter observer variability.
MR imaging findings reported in this study are characteristic and diagnostic of CSH. T1W hypoin tensity, homogeneous hyperintensity on T2W sequ ences, intense enhancement following gadolinium injection and facilitated diffusion on DW imaging establish the diagnosis prior to surgery. Absence of hemosiderin within the lesion on GRE with facilitated diffusion significantly increases the diagnostic accuracy. With the characteristic and favourable MR imaging evidence followed by an open biopsy, attempt for radical excision is unwarranted since CSH responds well to stereotactic radiation.
COMMENTS

Background
Even though magnetic resonance imaging (MRI) is the modality of choice for characterising lesions at the cavernous sinus, the diagnosis of a cavernous hemangioma can still be in doubt, with the main differential diagnosis being a schwannoma of the V nerve or meningioma.
Research frontiers
The study aimed to elucidate the clinical, MRI, pathological features of these lesions and asses the incremental value of diffusion-weighted imaging (DWI) in diagnosing them.
Innovations and breakthroughs
This is one of the largest series of cavernous sinus hemangiomas that have clinical-radiological and pathological correlation as well as follow-up details. The study also highlights the incremental value of DWI imaging and the apparent diffusion coefficient value in these lesions which has not elucidated in the existing literature.
Applications
T1-weighted hypointensity with homogeneous hyperintensity on T2-weighted sequence, absence of hemosiderin within the lesion on GRE sequence and intense post contrast enhancement favour the diagnosis of cavernous sinus hemangioma (CSH). On DW imaging CSH shows facilitated diffusion and is nearly 100% specific for CSH. Markedly hypointense hemangioma on T1W images suggests schirrous nature of the lesion and are amenable to complete surgical excision.
Terminology
Cavernous hemangioma in the cavernous sinus has an estimated prevalence of 1% incidence. The lesion is rare in occurrence closely mimicking commonly encountered cavernous sinus lesions such as schwannoma, meningioma, chordoma, granuloma, carotid aneurysm and lympho-proliferative conditions. Microscopically cavernous sinus hemangioma (CSH) consist of multiple vascular channels lined by a single layer of endothelium without muscular layer without any intervening neural tissue. Diffusion weighted MR imaging measures the diffusivity of the water molecules in the tissue. Hindrance of water molecule movement is gives a hyperintense signal on diffusion imaging interpreted as restricted diffusion and indicates high cellularity of the tissue. CSH shows facilitated diffusion on DWI.
Peer-review
Cavernous sinus hemangiomas (CSHs) is a benign vascular malformation which belong to Intracranial-extraaxial cavernous hemangiomas. Radiosurgery can effectively control the growth of smaller CSHs. Diagnosing CSH preoperatively is very important, but its radiological differential diagnosis is difficult. In this paper, the MRI sequence is abundant. Especially the number of DWI cases has a large proportion, which can provide valuable information for the diagnosis of CSH.
